Using two different immunological methods, we performed a quantitative estimation of lysozyme (LZ) in normal mature granulocytes and monocytes. An immunoperoxidase reaction for LZ in granulocytes and monocytes of 10 healthy donors measured by a scanning microdensitometer as arbitrary units showed a significantly higher I 2 content in granulocytes than in monocytes. An u l t r a s t r u d immunogold reaction (IGR) for LZ performed on post-embedded thin sections showed a higher number of total gold grains in neutrophilic granulocytes than in monocytes. In monocytic granules we found a high density of gold grains per pm2, whereas in granulocytic granules lower values were obtained.
Introduction
The bacteriolytic enzyme lysozyme (U) is a cationic protein of low molecular weight which hydrolyzes N-acetylglucosaminyl-Nacetylmuramic acid of the bacterial wall (1) . Among blood cells, LZ is found in neutrophilic granulocytes and monocytes (2,3), although there is little information about its quantitative intracellular content. Several reports in the past suggested that monocytes contain more LZ than neutrophilic granulocytes (2,4,5). These data were obtained using the cytobacterial method (>), which evaluated on slide preparations the ability of granulocytes and monocytes to lyse Micrococcus Lysodeikticus. In contrast, evidence for greater intracellular LZ content in granulocytes and for continuous liberation of LZ by cultured normal monocytes was also reported (6) .
Moreover, when the immunoperoxidase method for LZ was introduced (3,7,8), monocytes were found to stain consistently weaker than polymorphs (3). LZ demonstration in primary and secondary granules of granulocytes (9,lO) and in monocytic granules (11) was recently reported using new immunoelectron microscopic techniques. However, no data on quantitation of the reaction or sepa- idase (WO)-positive and secondary WO-negative granules, and in monocytes the granules showed weak MPO reactivity and high LZ content. Granulocytes previously subjected to phagocytosis of bacteria and latex particles showed release of LZ on degranulation inside the phagosome, whereas in monocytes the granules remained outside the phagosome and released LZ without degranulation. Our study demonstrated a significantly higher total LZ content in granulocytes, a higher granular LZ content in monocytes, and release of LZ from intact monocyte granules during phagocytosis. rate evaluation of LZ content in the cytoplasm and in the granules of granulocytes and monocytes were given.
Using two different immunological methods, we performed a study of quantitative LZ content in normal granulocytes and monocytes. In one method the immunoperoxidase reaction was quantitated using a scanning microdensitometer, and in the second an immunogold reaction (IGR) performed on post-embedded thin sections was evaluated by electron microscopy (EM) in individual granules and in the cytoplasm. Results of the concomitant evaluation of myeloperoxidase (MPO) and LZ in the same granule and the secretion of LZ from granules during phagocytosis are also given.
Materials and Methods

cells. Peripheral blood (PB) was drawn from 10 healthy volunteers (four women, six men) into EDTA-containing tubes. An equal volume of 6%
Dextran 250 (Pharmacia; Uppsala, Sweden) in normal saline was added and the mixture was left at room temperature (RT) for about 30 min. The supernatant was collected into a centrifuge tube and spun at 1500 rpm for 7 min. Smears were prepared from the leukocyte pellet and left to dry overnight.
Immunoperoxidase. For light microscopic evaluation of the LZ immunoperoxidase (IPO) reaction, slides were stained with a Lymphman kit for LZ (Biomeda; Foster City, CA). After fixation in buffered acetone-forma-RESNITZKY, SHAFT, YAARI, NIR 1472 lin and blocking of endogenous MPO with H202 the slides were treated with anti-human LZ as a primary antibody and rabbit anti-mouse immunoglobulin as secondary antibody. To confirm the specificity of the reaction, slides were also treated with non-immune normal rabbit serum instead of anti-human LZ. After the peroxidase reaction the slides were examined in a Vicker's microdensitomer (M85) as previously reported (12.13) . The reaction was evaluated by measuring density at a wavelength of 515 nm, using oil immersion with a x 100 objective, and was expressed as arbitrary units. In each individual case 50 cells were evaluated, 25 neutrophil granulocytes and 25 monocytes, and the mean SD for monocytes and granulocytes in each sample was obtained. The final results are given as mean f SD of all samples examined and the Student's t-test was used for statistical analysis.
Ultrastructural Immunogold Reaction. For EM, the remainder of the pellet was washed in PBS, fixed with Karnovsky fixative in cacodylate buffer at 4'C overnight, and post-fixed in 1% os04 at 4'C. After washing in 0.1 M cacodylate buffer, the specimens were subjected to dehydration through a graded series of ethanol and propylene oxide and finally embedded in Epon 812. Thin sections of the embedded material were collected on nickel grids for the immunogold labeling. A two-step immunogold technique was used. (a) Thin sections were treated for etching with sodium metaperiodate (Ndo4). In preliminary experiments the etching procedure was carried out using different concentrations of Ndo4 for various time intervals between 15-60 min. Since the best results were obtained with a saturated NaI04 solution in water for 60 min. we kept to these conditions throughout the entire experimental design. After etching the specimens were washed with distilled water, 1% gelatin in PBS, followed by the dilution solution (1% Tween 20, 0.5% bovine serum albumin, 0.1% gelatin in PBS). After washing the sections were incubated at RT overnight on drops of diluted rabbit anti-human LZ immunoglobulin (muramidase, A-099; Dako Immunoglobulins, Glostrup, Denmark) at the optimal dilution of 1:2000. This anti-LZ was found to be specific for human LZ by Mason and Gylor (14) . (b) The secondary antibody applied was a conjugated 10-nm colloidal gold-goat anti-rabbit (GAR, G10; Janssen, Olen, Belgium) diluted 150 in the same dilution solution for 30 min. followed by jet washing with PBS and distilled water and drying. The sections were counterstained with uranyl acetate and lead citrate. Control sections treated with (a) normal rabbit immunoglobulin and (b) dilution solution instead of primary antibody were run simultaneously. Cells were examined in a Philips 201 electron microscope. Separate quantitative evaluation of LZ in granules and cytoplasm was performed by point counting, using pictures magnified x 24,320 as colloidal gold particles for pm2 of granule or cytoplasm.
MPO Reaction Followed by Immunogold Labeling. The immunogold reaction for LZ was also performed in thin sections of post-embedded cells previously incubated with 3,3'-diaminobenzidine (DAB) (Sigma; St Louis, MO) for the MPO reaction. The DAB staining was performed either after the Graham-Kamovsky method (15) . using 3% glutaraldehyde and 2.5% paraformaldehyde in buffered cacodylate 0.1 M as fuative or after the Anderson method (16) , in which 1% tannic acid, 2% paraformaldehyde, and 0.5% glutaraldehyde in 0.1 M PBS are employed. These two methods of fixation were performed at 4°C and pH 7.2. For the former method we used a DAB concentration of 1 mg/ml and for the latter we used 2 mglml. Specimens were examined unstained.
Phagocytosis of Latex
Particles and E. coli Bacteria Followed by Immunogold Labeling. For these studies the dextran-separated cells were subjected to Ficoll gradient centrifugation for separation of granulocytes from monocytes, which were subsequently incubated separately (for 15 and 45 min) in RPMI medium with 10% fetal calf serum at 37'C and with the addition of either 0.81 pm latex particles (Gibco; Grand Island, N y ) or E. cofi. Samples of each incubation were taken for EM analysis and gold immunolabeling and treated as described above.
IGR labeling of LZ was also performed in ultra-thin sections of embedded specimens stored for periods ranging from 1 month to 3 years.
Results
Lysozyme Content of Mature Normal PB Graaukcytes and Monocytes
Positive immunoperoxidase reaction for LZ in PB cells was found in neutrophilic granulocytes and monocytes. Control specimens were all negative. Table 1 shows the results of microdensitometric evaluation of the IPO reaction for LZ in PB neutrophilic granulocytes and monocytes from 10 healthy volunteers. The cells retained their usual morphological features and granulocytes and monocytes were easily recognized. The intensity of the reaction measured in the neutrophilic granulocytes was significantly greater than that detected in the monocytes (470.5 2 95 vs 180.8 2 3 5 ) (~K0.001). No significant differences in LZ content of either granulocytes or monocytes from men or women were found, and therefore the results are presented together.
The ultrastructural IGR for I.2 was positive in neutrophilic granulocytes and monocytes, which retained a well preserved morphology (Figures 1 and 2) . The control specimens were consistently negative. In neutrophilic granulocytes gold grains were detected in granules as well as in the cytoplasm. In monocytes the relatively fewer granules were loaded with gold grains, which were relatively scanty in the cytoplasm. The figures in 'liable 2 represent LZ content in normal granulocytes and monocytes by mean of gold grain number in a given thin section of granule or cytoplasm. The total number of grains per cell section was significantly higher in neutrophilic granulocytes (886 2 450.5) than in monocytes (457.3 2 235.2) (p<0.0005). Figures 1B and 2B show typical patterns of gold grains in granulocyte and monocyte granules. In monocyte granules we found a significantly higher density of gold grains per pm2 (257.5 90.3) than in granulocyte granules (110.7 2 50.5) (p<0.005). As can be seen in Table 2 , the total number and size of granules per cell section in the evaluated granulocytes were found to be significantly higher than in the monocytes. Although the cytoplasmic LZ content in both granulocytes and monocytes was lower than in the granules, the granu1ar:cytoplasmic ratio was higher among the monocytes (4.0) than among the granulocytes (1.5).
Ultrastructural MPO Reaction Followed by LZ Immunogold Labeling
To study the pattern of LZ content in primary and secondary granules in the granulocytes, the LZ IGR was carried out in postembedded cells which were incubated with DAB before embedding.
No differences in the pattern of MPO reactivity and immunogold labeling was observed between the two methods we used for DAB staining (15J6). Examination of sections of the same specimen before and after the IGR did not reveal any substantial change in MPO reactivity, although some bleaching of the os04 binding was observed in the latter, and this resulted a low contrast of the photomicrographs. In no case was a granule positive for MPO before IGR changed to negative. Interestingly, however, the platelet peroxidase (PPO) reaction was entirely abrogated, probably owing to the etching procedure. Gold grains were visualized in both MPOpositive (primary) and MPO-negative (secondary) granules ( Figure  3 ). Heterogeneity in both size and pattern of MPO reactivity was detected among the primary granules, and variation in shape and size was found among the MPO-negative secondary granules. Although we did not perform a separate quantitation, a trend towards a higher LZ density in secondary granules was observed. The concomitant reaction for MPO and LZ was also performed in monocytes as described above. A weak or almost negative MPO reaction was observed in the granules, and a high density pattern of gold grains to the same degree as that observed when the IGR was performed in cells that were not previously incubated with DAB for the MPO reaction (Figure 4 ). The etching procedure caused some bleaching of the os04 but did not induce changes in MPO reactivity.
Immunogold Reaction for LZ in Cells Subjected to Phagocytosis of Bacteria and Latex Particles
To look for the LZ intragranular content and secretion during cell activation, the IGR was performed in granulocytes and monocytes during phagocytosis of bacteria and latex particles. In granulocytes the granules could be seen inside the phagosome; their gold grain density was similar to that observed in non-activated granulocytes.
In more advanced stages of phagocytosis and on degranulation, gold grains were observed free in the phagosomes ( Figure 5) . In monocytes a different pattern of granular movement and LZ liberation was observed. The granules moved towards the phagosome and finally attached close to the phagosome vesicle without entering it. A low density of gold grains in some granules located near the phagosomes was observed; in those regions free gold grains were present around and inside the phagosome vesicle ( Figure 6 ).
Immunogold Reaction for LZ in Stored Post-em bedded Material
The IGR was also performed in ultra-thin sections of post-embedded PB cells stored for long periods of time (up to 3 years), including specimens that were subjected to the MPO reaction before embedding. We did not find differences in enzyme localization and in MPO reactivity when the results were compared with those observed in fresh material.
Discussion
The main purpose of the present study was to determine separately the intracellular content and location of LZ in normal mature neutrophilic granulocytes and monocytes by two complementary methods of quantitation. The IPO reaction for LZ was measured by scanning microdensitometry as we previously reported for the quantitation of cytochemical reactions in neutrophils (12, 13). The ultrastructural post-embedding IGR allowed evaluation of the exact intracellular localization of the enzyme and its separate measurement in granules and cytoplasm. It appears that the known high stability of the LZ molecule (17) allows its demonstration in fixed post-embedded material. The method we used adequately preserved both the cellular ultrastructural morphology and the antibody-binding capacity of LZ. The conditions we chose for etching the Epon allows the reagents to reach the LZ epitopes without interfering with the reaction.
Our quantitative study definitely confirms that the actual LZ content in normal monocytes is lower than in neutrophils. These differences are mainly due to both the relatively higher cytoplasmic content in granulocytes and the low number of small granules present in monocytes. Contradictory results have been reported in the past, showing either higher or lower LZ content in monocytes compared with that present in granulocytes (2-6). However, those data were obtained with various semiquantitative methods evaluated by light microscopy. We have been able to quantitate separately the granular and cytoplasmic LZ content in monocytes and granu--. . and 6 ), additionally support that view. The granules in the mature neutrophilic granulocyte belong to either the primary or secondary type. Using biochemical methods, it has been shown that primary granules contain MPO, various lysosomal enzymes, and LZ (19,20) , whereas the secondary granules contain lactoferrin, vitamin BIZ-binding protein, and LZ but no MPO (21-23). The concomitant ultrastructural assessment of MPO and LZ in the same section of a cell enables us to demonstrate the presence of LZ in primary (MPO-positive) and secondary (MPO-negative) granules (Figure 3 ). Although we have not yet performed a separate quantitation, a trend towards a higher LZ density in secondary granules was observed. The combination of DAB staining for MPO and immunogold labeling for LZ in LR White resin-embedded cells was previously used for the demonstration of LZ in both primary and secondary granules of granulocytes (10).
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However, in that study, when the cells were incubated with DAB before embedding the DAB reaction product completely masked the antigenic sites of LZ. Our results indicate that the previous DAB staining did not affect the immunolabeling pattem. It appears that our different embedding and immunolabeling conditions allow the simultaneous demonstration of MPO and LZ in the same granule.
Using the described EM method for LZ determination, we recently found that granulocytic and monocytic leukemic cells retain the particular pattern of granular LZ and MPO content observed in their normal counterparts (unpublished results). Therefore, the described immunogold method applied to post-embedded sections is highly suitable for LZ determination in normal and leukemic cells. The ability to use stored post-embedded material previously reacted for MPO constitutes an additional important advantage.
